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ABSTRACT 

Context. GRB 050509b, detected by the Swift satellite, is the first case where an X-ray afterglow has been observed associated with 
a short gamma-ray burst (GRB). Within the fireshell model, the canonical GRB light curve presents two different components: the 
proper-GRB (P-GRB) and the extended afterglow. Their relative intensity is a function of the fireshell baryon loading parameter B 
and of the CircumBurst Medium (CBM) density {ii C bm)- In particular, the traditionally called short GRBs can be either "genuine" 
short GRBs (with B < 10 5 , where the P-GRB is energetically predominant) or "disguised" short GRBs (with B > 3.0 X 10~ 4 and 
n CBM « 1> where the extended afterglow is energetically predominant). 

Aims. We verify whether GRB 050509b can be classified as a "genuine" short or a "disguised" short GRB, in the fireshell model. 
Methods. We investigate two alternative scenarios. In the first, we start from the assumption that this GRB is a "genuine" short burst. 
In the second attempt, we assume that this GRB is a "disguised" burst. 

Results. If GRB 050509b were a genuine short GRB, there should initially be very hard emission which is ruled out by the observa- 
tions. The analysis that assumes that this is a disguised short GRB is compatible with the observations. The theoretical model predicts 
a value of the extended afterglow energy peak that is consistent with the Amati relation. 

Conclusions. GRB 050509b cannot be classified as a "genuine" short GRB. The observational data are consistent with a "disguised" 
short GRB classification, i.e., a long burst with a weak extended afterglow "deflated" by the low density of the CBM. We expect 
that all short GRBs with measured redshifts are disguised short GRBs because of a selection effect: if there is enough energy in the 
afterglow to measure the redshift, then the proper GRB must be less energetic than the afterglow. The Amati relation is found to be 
fulfilled only by the extended afterglow excluding the P-GRB. 
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1. Introduction 



individual: GRB 050509b - Gamma-ray burst: general - black hole physics - binaries general 



The traditional classification of gamma ray bursts (GRBs) is 
based on the observed time duration of the prompt emission 
measured with the criterion of "Tgo", which is the time duration 
in which the cumulative counts increase from 5% to 95% above 
the background, encompassing 90% of the total GRB counts. 
This parameter shows that there are two groups of GRBs, the 
short ones with Tgo < 2 s, and the long ones with Tgo > 2 s. 
This analysis motivated the st andard classification in the liter- 
ature of short and long GRBs (lKlebesadellll992t iDezalav et al.l 
[l99llKouveliotou et alJfl993h . 

The observations of GRB 050509b by BAT and XRT on 



, see Fig. [TJ, which is a lumino us, non-star-formin g elliptical 
galaxy with redshift z = 0.225 dGehrels et al.ll2005l) . Although 
an extensive observational campaign has been performed using 
many different instruments, no convincing optical-IR candidate 
afterglow nor any trace of any supernova has been found asso- 
ciated with GRB 050509b (see ICenko et al.ll2005l iBersier et al 



board the Swift satellite (see Geh rels et 
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al.l (2004 lB 



U1TOWS 



et al l 



I2005I) represent a new challenge to the classification of GRBs 
as long and s hort, since it is the f irst short GRB associated with 
an afterglow dGehrel s et al. 2005). Its prompt emission observed 
by BAT lasts 40 milliseconds, but it also has an afterglow in 
the X-ray band observed by XRT, which begins 100 seconds 
after the BAT trigger (time needed to point XRT to the posi- 
tion of the burst) and lasts until « 1000 seco nds. It is located 40 
kpc away from the center of its host galaxy (Blo om et al . 2006, 



| 2005HHiorfh et alJl2005b ICastro -Tirado et al. 2005; Bloom et al. 
2005a b^ 2006). An upper limit in the /?-band 18.5 days after the 
event onset imply that the peak flux of any underlying super- 
nova should have been ~ 3 mag fainter than the one observed 
for the type Ib/c supernova SN 1998bw associated with GRB 
980425, and 2.3 ma g fain ter than a typical typ e la supernova 
(ICastro-Tirado et all [2005! see also iHiorth et al.ll2005l) . An up- 
per limit to the brightening caused by a supernova or supernova- 
like emission has also been established at 8.17 days after the 
GRB: R c ~ 25.0 mag dBloom et al.ll2006l) . While some core- 
collap se supernovae might be as faint as (or fainter than) this 
limit (Pastore llo et al.ll2007l) . the presence of this supernova in 
the outskirts of an elliptical galaxy would be truly extraordinary 
dMannucci et al.ll2005tlvan den Bergh et al.ll2005b . 



Unfortunately, we cannot obtain exhaustive observational 
constraints for this GRB because XRT data are missing in- 
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Fig. 1. KeckLRIS G-band image, zoomed to show the XRT error 
circle. The larg er, blue circle is the revised XRT position from 
iRol et al] d2005): the smaller, green circle to the west and north 
of that i s the 2cr confidenc e region of the XRT position com- 
puted in Bloom~etaQ d2006l) . The 1 1 sources consistent with the 
IRol et all (120051) X-rav afterglow localization are labeled in the 
image. North is up and east is to the left. Gl is the large galaxy to 
the west and south of the XRT. Ba d pixel locations are denoted 
with "BP". Figure reproduced from Bl oom et~ai1 d2006l) with the 
kind permission of J. Bloom and of the AAS. 



between the first 40 milliseconds and 100 seconds. However, this 
makes the theoretical work particularly interesting, because we 
can infer from first principles some characteristics of the miss- 
ing data, which are inferred by our model, and consequently 
reach a definite understanding of the source. This is indeed 
the case, specifical l y, for the ver i fication of the Am ati relation 
(lAmati et all l2002t lAmatil 120061: lAmati et al.l 120091) for these 
sources as we see in section |4] 

GRB 050509b is an example that the usual classification 
is at least incomplete. Within the fireshell model, we propose 
three classes of GR Bs: long, genuine short and disguised short 
dRuffini et alj 12009. and references therein). We have a well- 
defined way of differentiating between the classes, which is 
based on two parameters, the baryon loading parameter B and 
the CircumBurst Medium (CBM) number density ucbm (see next 
section), that help to make the classification clearer. In this pa- 
per, we analyze GRB 050509b within the fireshell model. We 
proceed with the identification of the two basic parameters, B 
and ricBM, within two different scenarios. We first investigate the 
"ansatz" that this GRB is the first example of a "genuine" short 
bursts. After disproving this possibility, we show that this GRB 
is indeed another example of a disguised short burst. 

In the next section, we briefly introduce the fireshell model 
and explain the classification, in section[3]we show the analysis 
of the data, in section[4]we present the theoretical spectrum and 
the study of the fulfillment of the Amati relation, in section[5]we 
comment on the results, and in section [6] we finally present our 
conclusions. 
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Fig. 2. The dashed (blue) curve is the energy emitted in the ex- 
tended afterglow, the solid (red) curve is the energy emitted in 
the P-GRB, their sum is E e tot . From left to right, the first vertical 
line corresponds to the value of B — 1 .0 x 10 -4 of scenario 1, the 
second to the value of B = 6.0 X 10~ 4 of scenario 2 (see Sec. [3). 



2. The fireshell model 



Within the fireshell mode l dRuffini et al.l2002l 120041 [20051 [20091: 
Bianco & Ruffini 2005b a), all GRBs originate from an optically 
thick e ± plasma of total energy E e toi in the range 10 49 -10 54 ergs 
and a temperature T in the range 1-4 MeV. After an early ex- 
pansion, the e ± -photon plasma reaches thermal equilibrium with 
the engulfed baryonic matter Mb described by the dimensionless 
parameter B = MbC 2 IE e m , which must be B < 10~ 2 to allow the 
fireshell to expand further. As the optically thick fireshell com- 
posed of e ± -photon-baryon plasma self-accelerates to ultrarela- 
tivistic velocities, it finally reaches the transparency condition. 
A flash of radiation is then emitted. This represents the proper- 
GRB (P-GRB). The amount of energy radiated in the P-GRB is 
only a fraction of the initial energy E e lot . The remaining energy is 
stored in the kinetic energy of the optically thin baryonic and lep- 
tonic matter fireshell that, by inelastic collisions with the CBM, 
gives rise to multiwavelength emission. This is the extended af- 
terglow. 

Within this model, the value of B strongly affects the ratio 
of the energetics of the P-GRB to the kinetic energy of the bary- 
onic and leptonic matter within the extended afterglow phase. It 
also affects the time separation between the corresponding peaks 
dRuffini et al.ll2009l) . For baryon loading B < 10~ 5 , the P-GRB 
component is always energetically dominant over the extended 
afterglow (see Fig. [2j. In the limit B — > 0, it gives rise to a "gen- 
uine" short GRB. Otherwise, when 3.0 x 10~ 4 < B < 10~ 2 , the 
kinetic energy of the baryonic and leptonic matter, and conse- 
quently the extende d afterglow emission, predominates with re - 
spect to the P-GRB dRuffini et al.ll2002b iBernardini et al.ll2007l) . 
Since the "critical" value of B corresponding to the crossing 
point in Fig. [2] is a slowly varying function of the total energy 
Ef ot , for 10~ 5 < B < 3.0 x 10~ 4 the ratio of the total energies of 
the P-GRB and the extended afterglow is also a function of E e tot . 

The extended afterglow luminosity in the different energy 
bands is governed by two quantities associated with the envi- 
ronment: the CBM density profile, «cbm, and the ratio of the 
effective emitting area A e fj to the total area A tot of the ex- 
panding baryonic shell, fl = A e ff/A tot . This seco nd parameter 
takes into account the CBM filamentary structure (Ruffin iet al.l 
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2004). T ypical values of H ranges between 10 10 and 10 6 
(see e.g. iBernardini et al.ll2007l 120051: ICaito et all 120091 l2010t 
iDainotti et al.ll2007h iRuffini et al.ll2006b . 

The emission from the baryonic matter shell is spherically 
symmetric. This allows us to assume, to a first approxima- 
tion, a modeling of thin spherical shells for the CBM distri- 
bution and consequ ently only consider their radial dependence 
(IRuffini et alJ2 002). The emission process i s assumed to be ther - 
mal in the comoving frame of the shell (Ruffini et al. 2004). 
The observed GRB non-thermal spectral shape is produced by 
the convolution of a very large number of thermal spectra with 
different temperatures and different Lorentz and Doppler fac- 
tors. This convolution is performed over the surfaces of con- 
stant arrival times for the photons at the dete ctor (EQuiTemporal 
Surfaces, EOTSs: iBianco &l luffini 2005b a) encompassing the 
total observation time. The fireshell model doe s not address the 
plateau phase described bv lNousek et alJ (120061) . which may not 
be rel ated to the interaction o f the single baryonic shell with the 
CBM (iBernardini etal]l2010l) . 

In the context of the firesh ell model, we con si dered a new 
class of GRBs, pioneered by iNorris & Bonnelll (120061) . This 
class is characterized by an occasional softer extended emis- 
sion after an initial spike-like emission. The softer extended 
emission has a peak luminosity lower than the one of the ini- 
tial spike-like emission. As shown in the prototypical case of 
GRB 9 70228 (IBernardini et al] 120071) and t hen in both GRB 
060614 ( ICaito et alj|2009h and GRB 071227 dCaito et alJlioToh . 
we can identify the initial spike-like emission with the P-GRB 
and the softer extended emission with the peak of the extended 
afterglow. A crucial point is that the time-integrated extended 
afterglow luminosity (i.e. its total radiated energy) is much 
higher than the P-GRB one. This unquestionably identifies GRB 
970228 and GRB 060614 as canonical GRBs with B > 10 -4 . The 
consistent application of the fireshell model allows us to infer the 
CBM filamentary structure and average density, which, in that 
specific case, is hc bm ~ 10~ 3 particles/cm 3 , typical of a galactic 
halo environment (Bernardin i et al.ll2007l) . This low CBM den- 
sity value explains the peculiarity of the low extended afterglow 
peak luminosity and its more protracted time evolution. These 
features are not intrinsic to the progenitor, but depend uniquely 
on the peculiarly low value of the CBM density. This led us to 
expand the traditional classification of GRBs to three classes: 
"genuine" short GRBs, "fake" or "disguised" short GRBs, and 
the remaining "long duration" ones. 

A CBM density «cbm ~ 10~ 3 particles/cm 3 is typical of 
a galactic halo environment, and GRB 97 0228 was i ndeed 
found to be in the hal o of its host galaxy (ISahu et alJ Il997t 
van Parad iis et al.fl9 97). We therefore proposed that the progen- 
itors of this new class of disguised short GRBs are merging bi- 
nary systems, formed by neutron stars and/or white dwarfs in 
all possible combinatio ns, which spiraled out from their birth 
place into the halo (see [Bernardini et al. 2007; Caito et al. 2009; 
I Kramer! 12008). This hypothesis can also be supported by other 
observations. Assuming that the soft-tail peak luminosity is di- 
rectly related to the CBM density, short GRBs displaying a pro- 
longed soft tail should have a systematically smaller offset from 
the center of their h ost galaxy. Som e observational evidence was 
found in this sense (Troi a et alj2008l) . However, the present sam- 
ple of observations does not enable us to derive any firm conclu- 
sion that short GRBs with extended emission have sm aller phys- 
ical offsets than th ose without extended emission (Fo ng et alJ 
l2010HBergerll2011l) . 
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Fig. 3. Our numerical simulation within scenario 1, assuming 
that GRB 050509b is a "genuine" short GRB, i.e. that the P-GRB 
is energetically predominant over the extended afterglow. The 
BAT data (crosses) are interpreted as the peak of the extended 
afterglow. In this case, the predicted P-GRB (solid rectangle) to- 
tal energy is more than twice the extended afterglow one. The 
solid line is the theoretical light curve in the 15-150 keV energy 
band, and the dashed one is the theoretical light curve in the 0.3- 
10 keV energy band. The dot-dashed horizontal line represents 
the BAT threshold and the solid horizontal one represents the 
XRT threshold. 



3. Data analysis of GRB 050509b 

3.1. Scenario 1 

We first attempt to analyze GRB 050509b under the scenario that 
assumes it is a "genuine" short GRB, namely a GRB in which 
more than 50% of the total energy is emitted in the P-GRB. This 
would be the first example of an identified "genuine" short GRB. 

Within our model, the only consistent solution that does not 
contradict this assumption leads to the interpretation that all the 
data belongs to the extended after glow phase; the BA T data of 
the prompt emission (see figure 2 in lGehrels et alj2005l) are then 
the peak of the extended afterglow, and the XRT data represents 
the decaying phase of the extended afterglow (which in the liter- 
ature is simply called "the afterglow", see section|2]l. 

In figure [3] we show the result of this analysis. We ob- 
tained the following set of parameters: E e tot = 2.8 x 10 49 erg, 
B = 1.0 x 10~ 4 , and n CBM = 1.0 x 10~ 3 particles/cm 3 . These 
parameters would imply, however, that the energy emitted in the 
P-GRB should be almost 72% of the total value. This P-GRB 
should have been clearly observable, and has not been detected. 
Consequently, this scenario is ruled out and we conclude that 
GRB 050509b cannot be interpreted as a "genuine" short GRB. 

3.2. Scenario 2 

We now analyze GRB 050509b under the alternative scenario 
that assumes the energy of the extended afterglow is higher than 
the P-GRB one. Within our model, the only consistent solu- 
tion that does not contradict this assump tion leads to the pr ompt 
emission observed by BAT (see Fig. 2 in lGehrels et al.ll2005l) be- 
ing interpreted as the P-GRB, and the X-ray decaying afterglow 
data observed by XRT being interpreted as the extended after- 
glow. 
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Fig. 4. Our numerical simulation within scenario 2, assuming 
that the extended afterglow is energetically predominant over 
the P-GRB. In this case, the predicted P-GRB (solid rectangle) is iGuida et al] (I2008I) . 
less then twice the extended afterglow. We interpret the BAT data 
(crosses) as the P-GRB and the XRT data as the extended after- 
glow. The P-GRB has just 28% of the total energy. The double- 
dashed line is the theoretical light curve in the band 15-150 keV, 
and the dot-dashed line is the theoretical light curve in the band 
0.3-10 keV. The two horizontal lines are from above to below: 
the BAT threshold and the XRT threshold. 



Fig. 5. Our theoretical spectrum in the observer frame inte- 



grate d over the en tire extended afterglow up to 10 s, see also 



In Fig. [4] we show the result of this analysis. We obtained the 
parameters E e tol = 5.52 x 10 48 erg, B = 6 x 10~ 4 , and an almost 
constant CBM density «cbm = l.Ox 10 -3 particles/cm 3 . The low 
value of the number density is justified by the GRB being located 
40 kp c away from the center of the host galaxy dBloom et al.l 
2006, , see Fig.Q]). The initial value of "R is quite large, % — 1.2x 
10~\ which indicates that there is a very homogeneous CBM in 
the region close to the progenitor system. However, at t « 10 
seconds, corresponding to a fireshell radius of ~ 2 x 10 16 cm, the 
effective area of interaction between the expanding plasma and 
the CBM drops six orders of magnitude and we have % — 3 x 
10~ 7 , a value pointing to the typical CBM filamentary structure 
also encountered in other sources (see Sec.|2]i. The P-GRB has 
an estimated energy of Ep^crb - 28%£', f ' 0/ , which means that 
72% of the energy is released in the extended afterglow. The 
peak of the extended afterglow, theoretically predicted by our 
model in figure [4] was not observed by BAT, since the energy 
was below its threshold, and also not observed by XRT, since 
unfortunately its data collection started only 100 seconds after 
the BAT trigger. 

Following our classification, therefore, due to the values of 
the baryon loading and of the CBM density, as well as due 
to the offset with respect to the host galaxy, GRB 050509b 
is consistent with being another example of a disguised short 
GRB. This follows the previous identifi cation of GRB 97 0228 
dBernardini et al.1 120071) GRB 060614 (ICaito et al.l 120091) and 
GRB 071227 (ICaito et alfcolOl) . 



4. The theoretical spectrum and Amati relation 

We turn now to the most interesting aspects of our theoretical 
work, namely the possibility of inferring some characteristics of 
the missing data and finally the nature of the burst from first prin- 
ciples. The most effective tool for determining the nature and, 
then, interpreting the different classes of GRBs, is the Amati re- 



lation dAmati et al.ll2002l: I Amatil 120061: lAmati et al.ll2009b . This 
empirical spectrum-energy correlation states that the isotropic - 
equivalent radiated energy of the prompt emission E,- so is cor- 
related with the cosmological rest-frame vF v spectrum peak 
energy E p /. E p \ oc (Ej SO ) a , where a « 0.5 and a dispersion 
cr(log £;; ) ~ 0.2. The Amati relation holds only for long duration 
bursts, while short ones, as it has been possible to prove after the 
"afterglow revolutio n" and the measurement of their redshift, are 
inconsistent with it dAmafill2006t I Amati etal]|2009l) . 

This dichotomy can naturally be explained by the fireshell 
model. As recalled in Sect. [2] within this theoretical framework 
the prompt emission of long GRBs is dominated by the peak of 
the extended afterglow, while that of the short GRBs is dom- 
inated by the P-GRB. Only the extended afterglow emission 
follow s the Amati relation (see [Guida et al] 120081: ICaito et ail 
I2010I) . Therefore, all GRBs in which the P-GRB provides a neg- 
ligible contribution to the prompt emission (namely the long 
ones, where the P-GRB is at most a small precursor) fulfill 
the Amati relation, while all GRBs in which the extended af- 
terglow provides a negligible contributi on to the prompt emis- 
sion (namely the short ones) do not (see iBernardini et"al1 l2007 , 
120081: IGuida etal.l[2008t ICaito et al.ll2009ll2010l) . As a conse- 
quence, for disguised short bursts the two components of the 
prompt emission must be analyzed separately. The first spike- 
like emission alone, which is identified with the P-GRB, should 
not follow the Amati relation; the prolonged soft tail, which is 
identified with the peak of the extended afterglow, should instead 
follow the Amati relation. This ha s been confirmed in the cases 
of GRB 060614 and GRB 071227 dCaito et al.ll20Toh . 

Owing to the lack of extended afterglow observational data 
before 100 seconds, there is no way to confirm whether this 
source follows the Amati relation on an observational ground. To 
verify whether GRB 050509b follows the Amati relation, and so 
clarify its nature, we simulated a theoretical spectrum (see figure 
E), following scenario 2, to verify a posteriori the consistency of 
this source with the Amati relation. 

We first calculate E, so , which, as mentioned above, in our 
case is not the total energy of the GRB but the total energy of 
the extended afterglow, E iso = E after = 12%Ef ot = 4x 10 48 
erg. To calculate E p j, we simulated the vFv theoretical spec- 
trum integrate d over the entire e xtended afterglow up to 10 4 s, as 
described in IGuida et al.l d2008l) . The theoretical vFv spectrum 
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in the observer frame is shown in figure|5] it peaks at E p ~ 2.3 
keV, which implies that E p j = (1 + z)E p ~ 2.8 keV. 

We also checked the position of GRB 050509b in the 
E p jlEi SO plane considering only the short hard spikelike emis- 
sion observed by BAT, which is identified with the P-GRB. In 
this case, only a lower limit to E p j can be established from the 
observational data. The vF v observed spectrum in the BAT 15- 
150 keV energy rang e indeed increase with energy and does 
not exhibit any peak dBloom et al. I l2006h . Therefore, a first es- 
timate would lead us to conclude that E p > 150 keV and then 
that E p j > 184 keV. The corresponding value of the isotropic 
equivalent energy emitted in the BAT 15-1 50 keV energy rang e 
is E im . 1 s- i-sn - ( 2.7 + 1) x 10 48 ergs dBloom et all l2006h . 
Bloo m et alj (|2006) conclude that the total isotropic equivalent 
energy emitted can be E; so > 3Ej SO ^-\50 if E p > 1-2 MeV. A 
more conservative estimate of E p j and Ej SO can be found by fit- 
ting the observed BAT spectrum with a Band model where a and 
B indices are fixed to typical values (a — -1 and B - -2.3). This 
leads to the following lower limit to E p at 90% c.l. of E p > 55 
keV, which corresponds to E p j > 67 keV. To compute the cor- 
responding total isotropic equivalent energy Ej SO , we must inte- 
grate this Band spectrum from 1 keV to 10000 keV. Since the 
exact value of E p is not known, but we have only a lower limit, 
the result of this integration, and therefore E; so , will depend on 
E p . We find that Ej SO can range from 5 x 10 48 erg, if E p is equal 
to its lower limit (i.e. E p = 55 keV), all the way up to 3 x 10 49 
erg, if E p is as high as the upper limit of the integration (i.e. 
E p = 10000 keV). 

In Fig. [6] the result of this analy sis are shown. Whe n consid- 
ering both the upper limit following Bl oom et alj d2006l) . namely 
E pJ > 184 keV and 2.6 x 10 48 < E iso < 7.8 X 10 48 erg, 
and the more conservative upper limit computed above, namely 
E p j > 67 keV and 5 x 10 48 < E iso < 3 x 10 49 erg, we find that the 
short hard spikelike emission observed by BAT, which is identi- 
fied with the P-GRB, does not fulfill the Amati relation. When, 
instead, we consider the peak of the extended afterglow alone 
(E p j ~ 2.8 keV, E iso ~ 4xl0 48 erg, see above), as should be done 
acco rding to the fireshell scenario dGuida et alJ2008L l Caito et alJ 
120101) , GRB 050509b is fully consistent with the Amati relation. 

This result allows us to conclude that, within the theoretical 
fireshell model, GRB 050509b is consistent with the Amati rela- 
tion. It implies that this is not a genuine short burst, but instead 
a long burst disguised as a short one, confirming our hypothesis. 

5. Discussion 

In a set of papers based on the fireshell model, it has been 
introduced a new class of GRBs, called "disguised" short 
GRBs (see Bernardi ni et al 120071 l2008t ICaito et al.ll2009ll2010t 



Ruffini et al. 2009, and references therein). These are canonical 
long GRBs with an extended afterglow that is energetically pre- 
dominant with respect to the P-GRB (see Fig. 0. Their main 
characteristic is that the emission of the afterglow occurs in an 
environment characterized by a peculiarly low value of the av- 
erage CBM density («cbm = 1.0 X 10~ 3 particles/cm 3 ), which is 
a value typical of a galactic halo environment. Under this condi- 
tion, the extended afterglow peak luminosity is much lower than 
the one expected for a canonical value of the average CBM den- 
sity inside the galaxy («csm = 1.0 particle/cm 3 ). Consequently, 
the extended afterglow peak luminosity is "deflated" and the 
energy of the extended afterglow is released on a much longer 
timescale. The energetic predominance of the afterglow with re- 
spect to the P-GRB is quantified by the value of the baryon load- 
ing B (see Fig. [2) and can be verified by integrating over time the 




1 J ' 1 J 
E iso (erg) 

Fig. 6. GRB 050509b position in the E p j/Ej S0 plane. The contin- 
uous orange lines show the best-fit power law of the E p j - Ei S0 
correlation and the dotte d gray ones are the 2cr confidence re- 
gion, as determined by lAmati et"a"D d2009l) . The green lower 
limit (2.6 x 10 48 < E im <> 7.8 x 10 48 erg and E p j > 184 keV, 
computed following lBloom et al.l l2006) and the blue lower limit 
(5 x 10 48 < E iso < 3 x 10 49 erg and E p j > 67 keV, computed 
following the more conservative approach described in this pa- 
per) correspond to the short hard spikelike emission observed 
by BAT. The red dot (E iso ~ 4 x 10 48 erg, E pJ ~ 2.8 keV) 
corresponds to the unobserved peak of the extended afterglow 
theoretically computed within the fireshell model. 



luminosity of t he extended afterglo w. Examples of th is class are 
GRB 970228 dBernardini et al.ll2007l) GRB 060614 (ICaito et alJ 
120091 and GRB 071227 dCaito et alj|20Tob . 

We have shown that GRB 050509b cannot be considered a 
"genuine" short GRB and proposed that it be classified as a dis- 
guised short GRB. We have tested two alternative scenarios for 
this GRB, one assuming it is a "genuine" short GRB and an al- 
ternative one assuming it is a disguised short GRB. We have 
demonstrated that the only interpretation of the data compati- 
ble with the first scenario would lead to an extremely intense 
P-GRB that is not observed (see Fig. [3J; therefore this scenario 
should be discarded and GRB 050509b cannot be interpreted as 
a "genuine" short GRB. We have instead obtained a reasonable 
interpretation within the second scenario for B = 6.0 x 10~ 4 , 
corresponding to a long GRB, and an average CBM density of 
«cbm = 1.0xl0~ 3 particles/cm 3 , which clearly implies that GRB 
050509b is a disguised short GRB (see Fig.©. 

GRB 050509b does not have XRT data before 100 s. The 
BAT light curve went beneath its threshold at ~ 40 ms. All the 
data about the peak of the extended afterglow is therefore miss- 
ing, which is the relevant part for the calculation of the energy 
peak E p j of the vFv spectrum for the Amati relation. Despite 
this lack of data, it has been possible, from our theoretical sim- 
ulation, to infer both the spectrum of the extended afterglow 
peak emission and a value of E p j, and to check a posteriori 
whether GRB 050509b fulfills the Amati rela tion. This has been 
done, as already shown in previous papers dGuida et al.l f2008: 
Caito et al .1 120 1 Oh . by duly neglecting the contribution of the P- 
GRB, assuming that the Amati relation is connected only to the 
extended afterglow emission process. It has been proven indeed 
(see Fig.© that GRB 050509b, when the P-GRB contribution in 
neglected, is in perfect agreement with the Amati relation. This 
interpretation is also supported by the P-GRB alone being incon- 



6 



G. de Barros et al.: On the nature of GRB 050509b 



sistent with the A mati relation (see also Fig. O Sec. [4] and e.g. 
iBloom etal . 2006, and references therein). 

The understanding reached for this source and others of the 
same class points also to a difficulty in identifing a "genuine" 
short GRB. A selection effect is at work: a genuine short GRB 
must have a very weak extended afterglow (see Fig. [2}; conse- 
quently, it is very difficult to determine its redshift. 

6. Conclusion 

It has been shown that GRB 050509b originates from the gravi- 
tational collapse to a black hole of a merging binary system con- 
sisting of two degenerate stars according to three different and 
complementary considerations: 

1. Very stringent upper limits on an associated super- 
nova event have b e en established (se e ICenko et al.l 120051: 
Bersier et ail 12005b iHiorth et al.1 120051: ICastro-Tirado et ail 
20051: IBloom et al.ll2005allbL l2006h : 

2. The host galaxy has been identi fied with a luminous , 
non-star-forming elliptical galaxy (jPro chaska et al. 2005; 
iGehrels et al.ll2005blBloom et al.ll2005aL 120061) : 

3. The GRB explod ed in the halo of the host galaxy 
(Bloom et al. 2006), because the binary system spiraled out 
before merging. 

From an astrophysical point of view, there are three possible 
cases of merging binary systems that must be considered: 

1. Neutron star / neutron star: unlike the case of GRB 970228 
dBernardini et al.l2007l) . the low energetics of GRB 050509b 
disfavor this hypothesis; 

2. Neutron star / white dwarf: this appears to b e the most 
likely case for GRB 050509 b, as in GRB 0606 14 dCaito et alJ 
120091) and in GRB 071227 dCaito et al.ll2010b ; 

3. White dwarf / white dwarf: this case is viable only for two 
very massive white dwarfs, allowing the critical mass of 
neutron stars against gravitational collapse to a black hole 
to be overcome in the merging process; that low massive 
white dwarf / white dwarf merging binary systems may lead 
to low energetics events has been widely expressed in the 
literature (see e.g. jlben & Tutukovlll984[ lPaczvnski|["l985b 
|Pakmoretani2010l) . 

From the point of view of GRB classification, we conclude that: 

1 . GRB 050509b is a disguised short GRB occurring in a low 
CBM density environment («cbm < 10 -3 particles/cm 3 ), typ- 
ical of a galactic halo; 

2. The baryon loading of GRB 050509b, and consequently the 
ratio of the P-GRB to the extended afterglow energetics, is 
typical of canonical long-duration GRBs; 

3. The possible origin of a genuine short GRB from a merging 
binary system, as often purported in the li terature (see e.g. 
Meszaros 2006 but also lGehrels et al.l l2009). still remains an 
open issue both from an observational and a theoretical point 
of view; in theory, this will crucially depend on the amount 
of baryonic matter left over in the process of gravitational 
collapse originating the fireshell baryon loading, which must 
be B < 10" 5 . 

From all the above considerations, it also follows that a bi- 
nary system merging in a higher density region (i.e. «cbm ~ 1 
particles/cm 3 ) would give rise to a canonical long-duration GRB 
without an associ ated supernova (see also lBernardini et alT 2007: 
iCaito et al.ll2009h . 
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